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Background: Anticoagulation management is currently performed through anticoagulation 
clinics or self-managed with or without the help of medical services. Homebound patients are 
a unique population that cannot utilize anticoagulation clinics or self-testing. Telephone-based 
anticoagulation management could be an alternative to the traditional methods of monitoring 
warfarin in this subgroup. The objective of this retrospective, observational study is to investigate 
the feasibility of warfarin management in homebound patients. 

Methods: This study was performed through the use of telephone-based adjustments of war- 
farin dose based on an international normalized ratio (INR) result. Four hundred forty-eight 
homebound patients referred to the anticoagulation clinic at Staten Island University Hospital 
were visited at home by a phlebotomist; a blood sample was drawn for initial laboratory testing. 
A nurse practitioner then called the patient or designated person to relay the INR result and 
to direct dosage adjustment. INR results and dosage changes were entered into an electronic 
medical record and analyzed statistically. 

Results: The mean percentage of INR values in range was 58.39%. The mean time when the 
INR was in the therapeutic range was 62.75%. The percent of patients who were therapeutically 
controlled decreased as the number of medications increased. The complication rate was 4% per 
patient year, with an equal distribution between bleeding and clotting. These values compared 
favorably to other studies in which monitoring was performed through anticoagulation clinics or 
self-monitoring. The cost per visit at our anticoagulation clinic was found to be approximately 
$300 compared with $82 when utilizing our homebound service. 

Conclusion: Telephone-based management of warfarin therapy in the homebound setting 
is feasible. It can lower the cost of health care expenditures compared to other modalities of 
anticoagulation management. 

Keywords: warfarin, anticoagulation, homebound, telephone-based, anticoagulation 
clinic, INR 

Introduction 

Warfarin has long been the drug of choice for the prevention and treatment of throm- 
boembolic disorders. However, warfarin therapy is complicated by its narrow thera- 
peutic index and fluctuations in the degree of anticoagulation. These fluctuations are 
caused by drug-drug interactions, drug-food interactions, changes in dietary intake 
of vitamin K, and missed doses of warfarin during chronic therapy. 1 - 2 The effective- 
ness of an anticoagulant is expressed as the normalized ratio (INR), the ratio of a 
patient's prothrombin time in seconds to a normal (control) sample, raised to the power 
determined by the type of analytical system employed. Despite management in spe- 
cialized anticoagulation clinics, on average, a patient's INR is within the therapeutic 
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range only 52%-66% of the time during warfarin therapy 
for a chronic condition; 3,4 this relatively low percentage can 
increase the risk for thromboembolism. 5 Nonadherence to 
warfarin therapy is also a major contributor to subthera- 
peutic anticoagulation. 6,7 Novel models of anticoagulation 
management have been instituted to address this issue. These 
methods range from management within an anticoagulation 
clinic to patient self-testing at home, with or without patient 
self-management. 

Management of warfarin within an anticoagulation clinic 
(AC) can be through face-to-face appointments run by nurses 
or pharmacists or through telephone calls. Generally, using 
a telephone-based approach for the follow-up of patients 
has the benefit of decreasing costs. Spending is lowered by 
reducing the utilization of medical resources, including clinic 
visits, hospital admissions, lengths of stay, and intensive care 
unit (ICU) days. 8 Specifically, when used in the anticoagula- 
tion clinic, this approach reduces the risk of anticoagulation 
therapy-related complications and is at least as effective as in- 
person visits to manage oral anticoagulation. 9,10 Additionally, 
patients have reported a high degree of satisfaction. 11 

Self-management of oral anticoagulants is also effec- 
tive because it improves the quality of oral anticoagulation, 
resulting in fewer thrombotic events and lower mortality. 12,13 
Unfortunately, self-monitoring is not feasible for all patients 
and requires the identification and education of suitable can- 
didates who are physically and cognitively able to perform 
certain tasks. 1213 Factors associated with failure to perform 
these tasks include age, previous stroke history, poor cogni- 
tion, and poor manual dexterity. 14 

Homebound is defined as those individuals with a condi- 
tion resulting from surgery, illness, or injury that precludes 
them from accessing medical care outside the home. 15 
Homebound patients who need chronic anticoagulation 
would likely not be able to attend anticoagulation clinics, and 
most of them are not candidates for self-testing at home. 14 
To our knowledge, there are no clear guidelines on how 
to manage this population in a safe and efficient way. One 
proposed method to manage them is through home blood 
draws followed by telephone-based adjustments of INR 
levels. The purpose of this study is to assess the efficacy 
of telephone-based adjustments of warfarin in this unique 
homebound population. 

Patients and methods 

Study population 

The AC at Staten Island University Hospital (SIUH) is an 
outpatient program that was established for the purpose of 



managing and ensuring high quality care to patients requiring 
anticoagulation therapy. Nurse practitioners, in collaboration 
with their medical director, organize patient care. During 
their first visit, patients undergo initial assessment and are 
educated extensively about drug-drug interaction, use of 
herbals, and the importance of compliance to therapy. They 
are also asked to report any signs or symptoms of bleeding 
or thrombosis. 

In the year 2000, a unique and dedicated service was 
established at the AC to serve homebound patients. When a 
homebound patient was referred to the AC, a phlebotomist 
made a home visit to draw a blood sample. This specimen 
was then sent to the main laboratory at SIUH for INR 
testing. A nurse practitioner would then call either the 
patient or a designated person on behalf of the patient. The 
call was designed to relay the INR result and direct dos- 
age adjustment. The INR result and dosage change were 
entered into an electronic medical record and analyzed 
using CoagClinic™ software (Standing Stone Inc., West- 
port, CT, USA). 

Outcome variables 

The primary objective of the study was to assess the efficacy 
of telephone-based dose-adjustments of warfarin in home- 
bound patients. This was assessed using the percentage of 
INR values in range (pINR), and the time in therapeutic 
range (tINR). The pINR was defined as the absolute number 
of INR values in the therapeutic range divided by the total 
number of INR values. The tINR was defined as the numbers 
of days where the INR was in the therapeutic range divided 
by the total number of days that the patient was followed. 
The secondary objective was to assess the effect of this 
modality on complications such as bleeding and thrombosis 
during anticoagulation. Both objectives were examined until 
stoppage of the treatment because of complications, death, 
or predetermined end of the study period. The minimal study 
period was 3 months. 

Study design 

We identified homebound patients who were on warfarin 
therapy using the CoagClinic software program during the 
period from January 1 , 2000 to October 5 , 20 1 1 . All patients 
who were on warfarin for less than 3 months were excluded. 
We collected all INR results for the patients included in the 
study over this period of time. Demographic data such as 
age, sex, and patient insurance type were also collected. 
Additionally, we collected data pertaining to the indication 
for anticoagulation, INR goal, duration of treatment, medical 
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comorbidities, herbal and pharmacological medications, and 
complications of therapy. 

Patients were subdivided based on certain characteristics. 
They were first stratified into six groups: <75 and s75 year 
age groups, male or female groups, and INR goal of 2.5 
or 3 groups. Patients were then also organized by indica- 
tion for anticoagulation. For example, if they had atrial 
fibrillation and or atrial flutter they were placed into the 
Afib/ Aflutter group. If they had had a deep venous throm- 
bosis and or pulmonary embolism, they were placed into the 
DVT/PE group. If they had had a mitral valve or aortic valve 
replacement, they were placed into the MVR/AVR group. 
All other patients were placed into the "other indication" 
group. Patients were also divided into Medicare, Medicare/ 
private, private, and unknown insurance groups. They were 
also organized into three groups according to the number 
of medications (0—4, 5-7, and >7), three groups according 
to the number of comorbidities (0-2, 3^1, >4), and into 
two groups according to the absence or presence of herbal 
medications. 

Statistical methods 

The relationship between the outcome variables and demo- 
graphic/clinical variables, such as age, sex, indication for 
treatment, number of medical comorbidities, and number 
of pharmacological and herbal medications were examined. 
For the purpose of statistical modeling, both pINR and 
tINR were transformed using an arscin transformation. As 
a first step, a univariate regression analysis was performed 
to evaluate the effect of each independent variable on the 
primary outcome variables. The factors found to be statis- 
tically significant at P=0.15 were entered into a multiple 
regression model. Significance tests for the final multiple 
regression models are based on type three sum-of-squares, 
using two-sided tests at the 0.05 level. The analyses were 
implemented using SAS Version 9.3 (SAS Institute, Inc., 
Cary, NC, USA). 

Results 

Baseline characteristics 

We identified 448 homebound patients from January 1, 2000 
to October 5, 201 1. We excluded 42 patients who were on 
warfarin for less than 3 months; for a complete list of baseline 
characteristics, see Table 1 . There were 267 females (66.42%) 
compared to 135 males. There were 247 aged ^75 years 
(62.85%) compared to 146 aged <75 years. When subdi- 
vided further, the majority of the patients fell into the 75- to 
85-year age-group (n=190, 51.34%) followed by the 65- to 



Table 1 Baseline demographics 


Demographics 


n /°/\ 


Age, years 




<7S 


146 (37.15) 


2:75 


247 (62.85) 


Sex 




Male 


135 (33.58) 


Female 


267 (66.4) 


INR goal 




2.5 


359 (88.65) 


3 


45 (1 1.14) 


Insurance type 




Medicare 


143 (35.4) 


Medicare/private 


46 (1 1.39) 


Private 


34 (8.42) 


Unknown 


181 (44.8) 


Indication to treat 




Afib/Aflutter 


229 (57.97) 


DVT/PE 


1 1 1 (28.1) 


MVR/AVR 


42 (10.63) 


Other 


13 (3.29) 


Comorbidities 




0-2 


1 1 5 (29.26) 


3-4 


132 (33.59) 


>4 


146 (37.15) 


Medications 




o^t 


132 (33.42) 


5-7 


136 (34.43) 


>7 


127 (32.15) 


Herbals 




0 


244 (62.09) 


2:1 


149 (37.91) 



Abbreviations: n, number; INR, international normalized ratio; Afib/Aflutter, atrial 
fibrillation/flutter; DVT/PE, deep vein thrombosis/pulmonary embolism; MVR/AVR, 
mitral/aortic valve replacement. 



75-year age-group (n=l 1 1, 24.33%), the >85 year age-group 
(n=57, 14.51%), and the <65 age-group (n=48, 9.76%). The 
most common insurance was Medicare (n=143, 35.4%), 
followed by private/Medicare (n=46, 11.39%) and private 
(n=34, 8.42%). However, 181 (44.8%) patients did not have 
insurance documented in the electronic system. 

The most common mean INR goal was 2.5 (n=359, 
88.65%) versus 3 (n=45). Patients with an INR goal of 2.5 
were mostly older than 75 (n=228, 65.1%) compared with 
patients younger than 75 (n=122). In contrast, those with INR 
goal of 3 were mostly younger than 75 (n=26, 57.8%) com- 
pared with people at least 75 years of age (n=19, P=0.0028). 
The most common indication for anticoagulation was Afib/ 
Aflutter (n=229, 57.97%) followed by DVT/PE (n=lll, 
28.1%), MVR/AVR (n=42, 10.63%), and other conditions 
(n=13, 3.29%). Patients with Afib/Aflutter (n=161, 40.76%) 
andDVT/PE (n=62, 15.7%) were mostly older than 75 years 
(P=0.001). 
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Outcomes 

The mean percentage of INR results in the pINR for all patients 
was 58.39% (+13.96%) ranging from a minimum of 13.33% 
to a maximum of 100%; Table 2 lists pINR by subgroup. The 
pINR was greater in patients with INR goal of 2.5 and was 
59.23% compared with 5 1 .74% in patients with an INR goal 
of 3 (P=0.009). Patients with Afib/A flutter had the greatest 
pINR (60.26%) followed by the DVT/PE group (57.76%) 
and then the AVR/MVR group (5 1 .09%) (P=0.0014). There 
was no statistical difference in pINR based on age, number 
of medications, number of herbals, number of comorbidities, 
insurance type, or sex. Upon multiple regression analysis, 
the number of medications correlated with pINR (P=0.04), 
whereas INR goal and indication treat did not. 

The mean treatment duration was 44.21 months. The 
mean tlNR was 62.75% (+16.32%), ranging from a minimum 

Table 2 pINR and tlNR according to patient demographics 



of 4.17% to a maximum of 100%; Table 2 lists the tlNR by 
subgroup. The tlNR was 63.3% for patients with an INR goal 
of 2.5 compared with 58.34% in the INR goal of the 3 group 
(P=0.049). The Afib/Afiutter group had the highest tlNR 
(64.49%), followed by DVT/PE group (61.1 9%), and the AVR/ 
MVR Group (57.74%) (P=0.07). There was no statistical dif- 
ference in tlNR in the age, number of medications, number of 
herbals, number of comorbidities, insurance type, or sex groups. 
The multiple regression analysis did not show any significant 
association between any risk factor and the tlNR variable. 

Complications 

The complication rate (complications/patients followed) 
was 15.35% (n=61). The complication rate per patient 
year was 4%. When subdividing the complications, there 
was an equal distribution between bleeding (n=31, 7.67%) 
and clotting (n=30, 7.67%); Table 3 lists complications 





Mean 


P-value 


Mean 


P-value 


Table 3 Total 


complications per 


patient demographics 






_|k|n /0/\ 

pINR {%) 




, iiin /0/\ 

tlNR {%) 






Complications Without 


P-value 


Age 












n(%) 


complications 




2:75 


59.3 


0.33 


63.73 


0.31 






n (56) 




<75 


56.9 




61.24 




Age, years 








Sex 










2:75 


40 (10.13) 


207 (52.41) 


0.5935 


Male 


57.68 


0.3387 


62.84 


0.823 


<75 


21 (5.32) 


127 (32.15) 




Female 


58.86 




62.56 




Sex 








INR goal 










Male 


18 (4.48) 


1 17 (29.10) 


0.4095 


2.5 


59.2 


0.009 


63.3 


0.049 


Female 


44 (10.95) 


223 (55.47) 




3 


51.7 




58.34 




INR goal 








Insurance type 










2.5 


53 (13.12) 


306 (75.74) 


0.358 


Medicare 


59.7 


0.49 


62.25 


0.681 


3 


9 (2.23) 


36 (8.91) 




Medicare/private 


59.4 




65.64 




Insurance type 


14 (3.47) 


1 29 (3 1 .93) 


0.0474 


Private 


58.2 




61.87 




Medicare 


Unknown 


57.1 




64.84 




Medicare/private 1 2 (2.97) 


34 (8.42) 




Indication to treat 










Private 


5(1.24) 


34 (8.42) 




60.3 


0.0014 


64.49 


0.071 


Unknown 


31 (7.67) 


150 (37.13) 




Afib/Afl utter 












Indication to treat 






DVT/PE 


57.8 




61.19 




Afib/Aflutter 


43 (10.64) 


191 (47.28) 


0.0282 


MVR/AVR 


51.2 




57.74 




DVT/PE 


8 (1.98) 


107 (26.49) 




Other 


54.3 




61.36 




MVR/AVR 


9 (2.23) 


33 (8.17) 




Comorbidities 










Other 


2 (0.50) 


1 1 (2.72) 




0-2 


56.3 


0.233 


61.39 


0.475 


Comorbidities 








3-4 


59.63 




62.56 




0-2 


1 1 (2.74) 


105 (26.12) 


0.0550 


>4 


58.86 




63.91 




3-4 


20 (4.98) 


1 17 (29.10) 




Medications 










>4 


30 (7.46) 


1 19 (29.60) 




0-4 


57.93 


0.145 


62.76 


0.993 


Medications 








5-7 


60.16 




62.82 




0-4 


10 (2.48) 


124 (30.69) 


0.0081 


>7 


57.01 




62.68 




5-7 


26 (6.44) 


1 12 (27.72) 




Herbals 










>7 


26 (6.44) 


106 (26.24) 




0 


57.91 


0.224 


62.19 


0.274 


Herbals 








>l 


59.69 




63.77 




0 


30 (7.46) 
32 (7.96) 


221 (54.98) 
1 19 (29.60) 


0.0130 


Abbreviations: INR. 


international normalized 


ratio: dINR. percentage of 


>l 




INR values in range; tlNR, time of INR 


in therapeutic range; Afib/Aflutter, atrial 


Abbreviations: n 


, number; INR, international normalized ratio; Afib/Aflutter, atrial 


fibrillation/flutter; DVT/PE, deep vein thrombosis/pulmonary embolism; 


MVR/AVR, 


fibrillation/flutter; 


DVT/PE, deep vein thrombosis/pulmonary embolism; MVR/AVR, 


mitral/aortic valve replacement. 








mitral/aortic valve 


replacement. 
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per patient subgroup. The highest complication rate was 
in the Afib/flutter group (n=43, 10.64%), followed by the 
AVR/MVR group (n=9, 2.23%) and the DVT/PE group 
(n=8, 1.98%) (P<0.028). The highest complication rate by 
insurance carrier was the unknown group (n=31, 7.67%), 
followed by the Medicare group (n=14, 3.47%), private/ 
Medicare group (n=12, 2.97%), and the private group (n=5, 
1.24%) (P<0.04). 

Patients taking zero to four medications had a compli- 
cation rate of 2.48% (n=10) compared with 6.44% (n=26) 
for patients on five to seven medications, and 6.44% (n=26) 
for patients taking more than seven medications (,P=0.008 1 ). 
Patients with zero to two comorbidities had a complica- 
tion rate of 2.74% (n=l 1), compared with 4.98% (n=20) in 
patients with three to four comorbidities, and 7.46% (n=30) in 
patients with five or more co-morbidities CP=0.055). Patients 
who were not taking any herbal medications had a complica- 
tion rate of 7.46% (n=30) compared with 7.96% (n=32) in 
patients on herbal medications (P=0.013). 

There was no statistical difference in complications based 
on age, sex, and INR goal. In addition, there was no statistical 
difference between clotting and bleeding according to the 
age, number of medications, number of comorbidities, sex, 
insurance type, indication to treat, INR goal, or the number 
of herbal medications (Table 4). Multiple regression analysis 
revealed that insurance type was the only independent vari- 
able that correlated with complication rate (P=0.09). 

Discussion 

pINR/tlNR 

Overall, homebound patients were kept in the correct INR 
range at a mean of 58.4%. These patients performed quite 
well compared with prior studies that report a range of 
51%-64% of INR values in the INR range for patients 
being monitored in an anticoagulation clinic. 416 Homebound 
patients in our study also spent 62.75% of their time in the 
INR. This value also equates well to a systematic review of 
67 studies that compared the time in the INR range among 
community practices, anticoagulation clinics, and clinical 
trials where patients were therapeutic 63.6% of the time. 17 
Moreover, patients' time in the INR range was only 50% 
in the community setting when the self-management group 
was excluded. 17 Thus, monitoring homebound patients with 
telephone -based management may be as effective or superior 
to other community-based surveillance modalities. 

Upon subdividing our patient pool, the univariate analysis 
revealed that only the INR goal and indication to treat groups 
were significantly related to the pINR endpoint variable. 



Table 4 Bleeding and clotting according to patient demographics 

Bleeding Clotting P-value 

n (%) n (%) 

Age 



2:75 


23 (37.70) 


17 (27.87) 


0.1498 


<7S 


8 (13.1 1) 


13 (21.31) 




Sex 








Male 


7(1 1.29) 


1 1 (17.74) 


0.263 1 


Female 


24 (38.71) 


20 (32.26) 




INR goal 








2.5 


25 (6.19) 


28 (6.93) 


0.314 


3 


6 (1.49) 


3 (0.74) 




Insurance type 








Medicare 


9 (14.52) 


5 (8.06) 


0.2064 


Medicare/private 


4 (6.45) 


8 (12.90) 




Private 


1 (1.61) 


4 (6.45) 




Unknown 


1 7 (27.4)2 


14 (22.58) 




Indication to treat 








Afib/ Aflutter 


21 (33.87) 


22 (35.48) 


0.6769 


DVT/PE 


3 (4.84) 


5 (8.06) 




MVR/AVR 


6 (9.68) 


3 (4.84) 




Other 


1 (1.61) 


1 (1.61) 




Comorbidities 








0-2 


8 (13.1 1) 


3 (4.92) 


0.2242 


3-4 


9 (14.75) 


1 1 (18.03) 




>4 


13 (21.31) 


17 (27.87) 




Medications 








0-4 


6 (9.68) 


4 (6.45) 


0.7581 


5-7 


1 3 (20.97) 


1 3 (20.97) 




>7 


12 (19.35) 


14 (22.58) 




Herbals 








0 


17 (27.42) 


1 3 (20.97) 


0.3094 


>l 


14 (22.58) 


18 (29.03) 





Abbreviations: n, number; INR, international normalized ratio; Afib/Aflutter, atrial 
fibrillation/flutter; DVT/PE, deep vein thrombosis/pulmonary embolism; MVR/AVR, 
mitral/aortic valve replacement. 



The INR goal was achieved more in the patients with an INR 
goal of 2.5 compared to the group with an INR goal of 3 
(P=0.009). However, the samples sizes of these two groups 
were not balanced. Patients with Afib/Aflutter had more 
INR values in range followed by the DVT/PE group and the 
AVR/MVR group (T^O.0014). This is probably due to the fact 
that the duration of treatment of the Afib/Aflutter group was 
longer than the others. Thus, the registered nurses may have 
had more experience and knowledge about how to control these 
patients' INR levels. It is also possible that the length of expo- 
sure to warfarin itself may have contributed to the differences in 
controlling INR levels. In any event, these two variables were 
not found to be significant upon multiple regression analysis. 
Upon univariate analysis of tINR, the INR goal of 2.5 was once 
again found to be better controlled. However, when entered into 
the multiple regression analysis this variable was not found to 
have a significant relationship to tINR. 
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The only variable found to have a significant relation- 
ship to INR monitoring after multiple regression analysis 
was the number of medications. In this respect, patients 
taking five to seven medications had a greater pINR than 
patients taking more than seven medications. Understand- 
ably, the more medications a patient takes the more oppor- 
tunity there is for drug-warfarin interaction. However, this 
cofactor to INR monitoring is not exclusive to homebound 
monitoring. 

Complications 

The complication rate in our homebound patient population 
was 15.35%, with an equal distribution among bleeding and 
clotting. The complication rate per patient year was 4%. 
Three retrospective and two prospective cohort studies have 
reported event rates between 6.2% and 8.1% per patient year 
for patients being monitored in anticoagulation centers. 3 
Thus, our patient population had fewer complications than 
patients in prior studies that were monitored in traditional 
anticoagulation centers. 

In the univariate analysis, there was a significant differ- 
ence in the complication rate among the indications to treat, 
number of medications, number of herbal medications, and 
insurance carriers. This correlation may not be directly related 
to the warfarin effect. According to our multiple regression 
analysis, the INR level was similarly controlled in all patient 
groups regardless of the INR goal, the number of medical 
comorbidities, and the intake of herbal products. This could 
be partially explained by warfarin-drug interactions in 
patients taking more than seven medications. Regardless, 
all of these groups failed to show significance upon mul- 
tiple regression analysis except the insurance-carrier group. 
However, this was a weak association, given that only 55.2% 
of our patients had an identifiable insurance in the CoagClinic 
software. 

Advantages of homebound monitoring 

A potential benefit of homebound monitoring of patients 
is a reduction in health care expenditures. The charge of an 
initial visit at the SIUH anticoagulation clinic is on average 
$309. The charge for a follow-up visit is $298. Patients under 
the homebound service are charged $15 for a resultant INR 
and only $67 for the travel expenses of the phlebotomist and 
venipuncture. The only additional potential expense would 
be payment for a registered nurse to interpret the results and 
call the patient to adjust dosing. However, this expenditure 
could easily be compensated by the potential savings from 
preventing hospital readmissions secondary to bleeding and 



thrombosis. In addition, it would eliminate other ancillary 
costs such as patient transportation. 

Strengths and limitations of the study 

We were able to draw our patient pool from one of the larg- 
est anticoagulation centers in the United States that has a 
well-organized electronic data collection system. In addition, 
all of our patients were managed through the same central 
system, eliminating biases from varying centers' methods 
of management. 

However, our study did not have a control group and was 
subject to the same biases found in all retrospective studies, 
which include selection bias, information bias, missing or 
incomplete records, and most importantly, compliance of 
patients to treatment. In addition, given the age of the clien- 
tele, hearing loss may have compromised patient compliance 
with treatment schedule. 

Conclusion 

Homebound testing is a feasible modality for outpatient INR 
monitoring. To our knowledge, this is the first study ever 
to look into the efficacy of telephone-based adjustments of 
warfarin in homebound patients. Our homebound monitor- 
ing compared very well to prior monitoring studies, which 
took place in an anticoagulation clinic. It is even effective 
in monitoring high-risk patients. In addition, homebound 
monitoring has the added benefit of cutting health care 
expenditures for INR monitoring. 
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